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Reminder on LHCb Fixed Target
LHCb as a fixed target experiment, thanks to the SMOG internal gas target

pA collisions at unique energy scale√
sNN ∼ 100 GeV

Unique coverage for (n)PDF at large x

JINST 3, (2008) S08005

Int.J.Mod.Phys.A30 (2015) 1530022
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SMOG data samples
Final summary of fixed-target samples acquired with SMOG in Run 2

pNe pHe pAr pAr PbAr pHe pHe pNe pNe PbNe

]
  2

2
pr

ot
on

s 
(P

b)
 o

n 
ta

rg
et

  [
10

2−10

1−10

1

10

210

2500 GeV

4000 GeV

6500 GeV

Beam Energy

2015 |  2016 |  2017 |  2018

∫
Ldt ∼ 5 nb−1 × pot

1022

× pgas
2× 10−7mbar

× Exp_Efficiency

Largest sample (pNe 2017)
∼ 100 nb−1

Main physics goals:
charm production to investigate nuclear effects and (n)PDF at large x;
studies of hadron production in novel kinematic regime and collision systems
(notably proton - Helium), bringing crucial inputs to cosmic ray physics.

First two physics results submitted to PRL in 2018
antiprotons in pHe, PRL 121 (2018), 222001

charm production in pHe and pAr, arXiv:1810.07907, subm. to PRL
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.222001
https://arxiv.org/abs/1810.07907


Cosmic Antiprotons
PRL 121 (2018), 222001

First measurement of antiproton production in pHe colli-
sions, in kinematic range relevant for the measurement of
cosmic antiprotons in space (production in collisions on
interstellar gas is main background to search for possible
dark matter signal)

Visible inelastic cross section compatible with EPOS LHC:

σLHCb
vis /σEPOS−LHC

vis = 1.08± 0.07± 0.03

=⇒excess of p yield over EPOS LHC from p multiplicity
Prospects:

extend to p from anti-hyperon decays
(20-30% of production);
repeat on 4 TeV beam data
=⇒measure scaling violations

Desiderata: also measure in pp with H2 target, use D2

target to constrain isospin violation for p/n production,
extend energy scan to lower energy
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Result for prompt production compared to
EPOS LHC PRC92 (2015) 034906

underestimating p prod. by ∼ 1.5
EPOS 1.99 Nucl.Phys.Proc.Suppl. 196 (2009) 102

QGSJETII-04 PRD83 (2011) 014018

QGSJETII-04m Astr. J. 803 (2015) 54

HIJING 1.38 Comp. Phys. Comm. 83 307

PYTHIA 6.4 (2pp + 2pn) JHEP 05 (2005) 026
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.222001


Charm production in fixed targets
arXiv:1810.07907, subm. to PRL

First charm samples from
pHe@69 GeV (7.6± 0.5 nb−1) and pAr@110 GeV (few nb−1)

]2c) [MeV/-µ+µm(
2950 3000 3050 3100 3150 3200

)2 c
C

an
di

da
te

s 
/ (

10
 M

eV
/ 

0

20

40

60

80

100

120
LHCb

Hep = 87 GeV NNs

]2c) [MeV/+π-Km(
1800 1820 1840 1860 1880 1900 1920 1940

)2 c
C

an
di

da
te

s 
/ (

5 
M

eV
/ 

0

100

200

300

400

500

600

LHCb 
Hep = 87 GeV NNs

First determination of cc cross-section at this energy scale

 [GeV]NNs
210

) 
[n

b/
nu

cl
eo

n]
ψ/J(σ 210

310

This measurement

NLO NRQCD

LHCb

 [GeV]NNs
10 210 310

b/
nu

cl
eo

n]
µ

) 
[

cc(σ 

10

210

310

NLO pQCD

This measurement

LHCb

slide 5

https://arxiv.org/abs/1810.07907


arXiv:1810.07907, subm. to PRL

Pumplin, Lai, Tung, PRD75 054029

Sensitive to x in target up to ∼ 0.5 =⇒EMC effect, intrinsic charm

Desiderata: increase data size for better accuracy, access other heavy states,
extend to other targets (H2 for pp reference, heavier targets)
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https://arxiv.org/abs/1810.07907


Goals for LHC Run 3/4
Increase data size: better accuracy, access rarer states (including bb), study QGP in PbA
Extend target choice:
Hydrogen and Deuterium would allow to have pp reference measurements,
studies of GPDs/TMDs (through unpolarized observables),
more p production for CR in space (production in pp and isospin violation)
Nitrogen/Oxygen for atmospheric CR
Heavier gas (Kr, Xe?). Upgraded LHCb detector (from Run 3) will allow better
reconstruction of central event

Implementation: the SMOG2 target upgrade

contain gas in 20 cm long storage cell
=⇒up to x100 increase of target density for same gas flow;

SMOG
~ 10   mbar on +/− 20 m

−7

−5
SMOG2

VErtex LOcator sensors

up to ~ 10   mbar on 20 cm
IP

lower contamination of beam line =⇒more gas species possible;
better control over injected gas density (better accuracy on absolute cross sections).

slide 7



Possible limitations

Simultaneous operation of fixed target and p-p collisions is in principle
possible, though challenging due to the critical trigger requirements
Maximum allowed gas flow for the various species still to be determined:
for H2 and D2, possible limitations from embrittlement and, as for other
getterable gases, from the integrity of the NEG coating in the vicinity of IP8;
heavy noble gases Kr and Xe which will be cryosorbed at the warm-to-cold
transitions of the triplet quadrupoles and cause an increase of the local
secondary electron yield.
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Possible scenario for Run3

Given these caveats, an optimistic, still realistic, scenario for the fixed-target
samples to be collected during the 3 years of Run3 is the following:

System
√
sNN < pressure> L Rate Time

∫
L

(GeV) (mbar) (cm−2s−1) (MHz) (s) ( pb−1)
pH2 115 4 · 10−5 6 · 1031 4.6 2.5 · 106 150
pD2 115 2 · 10−5 3 · 1031 4.3 0.3 · 106 9
pAr 115 1.2 · 10−5 1.8 · 1031 11 2.5 · 106 45
pKr 115 0.8 · 10−5 1.2 · 1031 12 2.5 · 106 30
pXe 115 0.6 · 10−5 0.9 · 1031 12 2.5 · 106 22
pHe 115 2 · 10−5 3 · 1031 3.5 3.3 · 103 0.1
pNe 115 2 · 10−5 3 · 1031 12 3.3 · 103 0.1
pN2 115 1 · 10−5 1.5 · 1031 9.0 3.3 · 103 0.1
pO2 115 1 · 10−5 1.5 · 1031 10 3.3 · 103 0.1

PbAr 72 8 · 10−5 1 · 1029 0.3 6 · 105 0.060
PbH2 72 8 · 10−5 1 · 1029 0.2 1 · 105 0.010
pAr 72 1.2 · 10−5 1.8 · 1031 11 3 · 105 5
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Expected yields for some benchmark modes

SMOG SMOG SMOG2
released result largest sample example
pHe@87 GeV pNe@69 GeV pAr@115 GeV

Integrated luminosity 7.6 nb−1 ∼ 100 nb−1 ∼ 45 pb−1

syst. error on J/ψ x-sec. 7% 6 - 7% 2 - 3 %
J/ψ yield 400 15k 15M
D0 yield 2000 100k 150M
Λ+

c yield 20 1k 1.5M
ψ(2S) yield negl. 150 150k
Υ(1S) yield negl. 4 7k
Low-mass (5− 9 GeV) Drell-Yan negl. 5 9k

Notes:
list is far from being exhaustive;
extrapolations are crude estimates, just to provide figures of merit;
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More possibilities

LHCb-CONF-2018-003

UPC physics : interesting cross-section for photoproduced J/ψ
and ηc (sensitive to odderon) in LHCb-FT, can complement
studies made/ongoing by LHCb in collisions (pp, pPb, PbPb)
Lansberg et al., JHEP 1509 (2015) 087, Goncalves and Sauter PRD91 (2015) 870, Massacrier et al,

arXiv:1709.09044, Goncalves and Jaime, arXiv:1802.04713

Potential to study elliptic flow over 3 units of pseudorapidity with full instrumentation at
unique energy scale;

dihadron correlation studies already
demonstrated by LHCb in pPb
yields with SMOG2 could allow flow
studies with charmed particles
no studies in FT performed yet Phys. Lett. B762 (2016) 473-483

Λ polarization induced by vorticity in HI collisions
(see Becattini et al., PRC 88, 034905 (2013), STAR results on Nature 548, 62-65 )

Fixed target collisions have the correct energy scale (effect too small at TeV scale)

Polarization measurements for Λ+
c and other heavy hadrons in pA are also a needed ingredient

for the MDM/EDM proposed experiment (see talk on LHCb-FT CRYSTAL by N. Neri)
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https://www.nature.com/nature/journal/v548/n7665/full/nature23004.html


Understanding of lateral profile of Extensive Air Showers (muon puzzle).
Large spread for muon flux predictions among different models, mostly from uncertainty on
baryon production (∼ 70%). Measurements at 10% accuracy would greatly help constraining
the models.
Production in pN and pO at 115 GeV could be directly measured, complementing studies at
beam-beam collision energy (notably in pO collisions if such run will be performed)

Drell-Yan and heavy flavour channels with H2 and D2 targets will also give access to
spin-independent nucleon TMDs as the Boer-Mulders functions in a novel kinematic range
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Public note summarizing the physics prospects is going to be released
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Presented at the Engineering Design 
Review on the 15th of November 2018

Then approved by the LHCb 
collaboration

Presented at both LHC TREX and MPP 
No showstopper emerged 

Presentation at the LHC Machine 
Committee (LMC) meeting, TODAY!
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Abstract
A proposal for an upgraded version of the existing gas injection system for the LHCb ex-
periment (SMOG) is presented. The core idea of the project, called SMOG2, is the use of a
storage cell for the injected gas to be installed upstream of the VELO detector. The main
advantage of the proposed system is to increase by up to two orders of magnitude the effective
target areal density, thus resulting in a significant increase of the luminosity for fixed-target
collisions. Other important advantages are the possibility to inject additional gas species,
including H2 and D2, a better defined interaction region, displaced with respect to the nom-
inal interaction point, and thus possibly compatible with running in parallel to the collider
mode (resulting in a further huge increase in luminosity). A technical design of the target
system is presented together with a description of the installation procedure. Impedance
properties and Electron Cloud effects have been studied for the proposed system, and the
possible beam instabilities estimated. The geometry of the system has been integrated into
the GEANT4 model of the LHCb detector in order to validate the target design with reliable
simulation studies, and to ensure that the near-beam material budget has negligible effects
in terms of beam-induced background. The loss in reconstruction efficiency with respect to
SMOG for selected physics channels, due to the displaced interaction region with respect to
the nominal interaction point, is found to be of the order 10%, thus largely over-compensated
by the expected increase in luminosity. The installation of the system is proposed for the
LHC Long Shutdown 2. This will open new physics frontiers at LHCb already from the LHC
Run-3.



!2

VELO vessel
Target Cell

Beam pipe



!3

CERN	-	15/11/2018	 2	V.	Carassiti	-	INFN	Ferrara	

200	192	

RF	FOIL	

EXISTING	FLANGE	

STORAGE	CELL	

WAKE	FIELD	SUPPRESSOR	

DETECTOR	BOX	

Fits into the space now taken by the upstream WFS
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STORAGE	CELL		

FIXED	HALF	CELL	SUPPORT	
CONNECTED	TO	THE	DETECTOR	
BOX	

ELECTRICAL	CONTINUITY	
BETWEEN	CELL	AND	RF	FOIL	

FLOATING	HALF	CELL	SUPPORT	
CONNECTED	TO	THE	DETECTOR	
BOX	

FLEXIBLE	WAKE	FIELD	SUPPRESSOR	

GAS	FEED	TUBE	IN		
THE	CELL	CENTER	

CONICAL	TRANSITION	

STORAGE	CELL	
SUSPENSIONS		
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MODIFIED	SPOKE	INSTALLATION	

CF200	SERVICE	FLANGE	:	
GAS	FEED-THROUGH	AND	
THERMOCOUPLES	CONNECTION	



R&D basically completed
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R&D basically completed
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Interaction with LHC: 
                                          
                                        



R&D basically completed
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Interaction with LHC: 
                                         -vacuum 
                      (G. Bregliozzi, P.M. Gebolis, G. Pigny)

A precise measurement of the flow rate and the temperature of the gas allows for a 
determination of the luminosity to a couple of % 

SMOG

The new Gas Feed System to be positioned in a low-radiation area
























